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Abstract

To examine whether urinary nerve growth factor (NGF) could serve as a biomarker for interstitial cystitis/painful bladder
syndrome (IC/PBS), we conducted a comprehensive meta-analysis of 9 studies. Among the studies considered, patients with
IC/PBS had higher urinary NGF and NGF/Cr levels compared to those of healthy people (SMD = 1.94, 95%CI = 0.79–3.08,
P = 0.0009 and SMD = 1.79, 95%CI = 0.65–2.93, P = 0.002, respectively). In addition, there was a significant difference between
patients with IC/PBS and patients with overactive bladder (OAB) symptoms with respect to the urinary NGF and NGF/Cr
levels (SMD = 20.62, 95%CI = 21.00–20.24, P = 0.001 and SMD = 20.70, 95%CI = 21.01–20.39, P,0.0001, respectively).
Furthermore, patients had a significantly lower urinary NGF level after successful treatment (SMD = 1.74, 95%CI = 0.32–3.17,
P = 0.02). In conclusion, urinary NGF could be a useful biomarker for the diagnosis of OAB, a urinary biomarker for the
differential diagnosis of IC/PBS and OAB (when a critical urinary NGF or NGF/Cr level is needed), and a predictive biomarker
to help guide treatment.
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Introduction

Interstitial cystitis/painful bladder syndrome (IC/PBS) is a

chronic, painful inflammatory disorder of the urinary bladder that

is characterized by pelvic pain and irritative voiding symptoms [1].

Approximately 2%–11% of adult men and women in the United

States have IC/PBS-like symptoms [2,3]. Patients with IC/PBS

present with bladder pain and frequent voiding, whereas patients

with overactive bladder (OAB) symptoms present with urgency

and sometimes urgency incontinence. IC/PBS or OAB is usually

diagnosed according to subjective symptoms and cystoscopic

hydrodistension following the exclusion of other bladder disorders

[4]. However, OAB symptoms always overlap with symptoms of

IC/PBS, and not all patients with IC/PBS present a cystoscopic

hydrodistension finding [5]. Therefore, to avoid the expense and

the risk of expensive and invasive procedures (such as cystoscopy

and tissue biopsy), it is necessary to establish a noninvasive

diagnostic tool that can be used to diagnose IC/PBS and

differentially diagnose IC/PBS and OAB.

The term ‘‘biomarker’’ generally indicates anything that can be

used to describe a particular disease state, including its presence

(diagnostic biomarker), severity, and/or its response to a specific

treatment (predictive biomarker). Biomarkers can be specific cells,

enzymes, hormones, genes, or gene products and can be detected

and measured in various parts of the body, such as the blood,

urine, or tissue [6]. Nerve growth factor (NGF) is a signaling

protein produced by the bladder smooth muscle and urothelium

[7]. Previous studies have shown a direct link between painful

inflammatory conditions in the lower urinary tract and increased

NGF levels in the bladder tissue and urine [7–11]. In a rat model

of IC [11], the NGF level in inflamed bladder tissue was higher

than that in controls (bladder inflammation caused a 50% increase

in NGF), and the increase in NGF was most pronounced after

mechanical inflammation. Steers WD [8] and Tuttle JB [9]

discovered that NGF plays a significant role in regulating the

growth of the bladder. Furthermore, Steers WD et al also revealed

that the ability of NGF to trigger interstitial cystitis might rely on

altering the properties of sodium or potassium channels in bladder

afferent fibers [7]. Based on these previous studies, there has been

a great interest in studying NGF as a potential biomarker for

patients with IC/PBS. Therefore, we performed a meta-analysis of

the most recent and relevant articles to evaluate the potential for

using NGF as a biomarker for IC/PBS. These evidence-based

findings could provide urologists with evidence supporting the role

of urinary NGF in the diagnosis of IC/PBS.
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Material and Methods

1 Literature search
We performed an electronic search of the PubMed, Cochrane

Library, Embase, Web of Science, Springer Link, and CBM

databases to identify relevant studies reported as recently as April

4, 2014. The search terms included [‘interstitial cystitis/painful

bladder syndrome’ or ‘IC/PBS’ (MeSH)] and [‘nerve growth

factor’ or ‘NGF’ (MeSH)]. Other relevant studies cited in the

reference lists of the selected papers were also evaluated to identify

additional eligible studies.

2 Inclusion and exclusion criteria
To be eligible, the included studies were required to meet the

following criteria: i) the study was a randomized controlled trial

(RCT) or a case-control study; ii) the study focused on the

association between urinary NGF levels and IC/PBS; iii) all

patients were diagnosed with clinical IC/PBS (suprapubic pain

with a full bladder that was relieved after voiding associated with

severe frequency and nocturia); iv) the original data for the

dichotomous and continuous variables was provided or could be

calculated from the data source. Additionally, the eligible studies

were limited to those that were only in English. Studies were

excluded if they reported incomplete, useless, or overlapping data;

if they used median and interquartile ranges to describe the data;

or if they were published only as abstracts, letters, reviews, or

reports from academic meetings.

3 Data extraction
Using a standardized form, the data from the published studies

were independently extracted by two reviewers (Hong-Chen Qu

and Wei Zhang) to populate the necessary information. The

following information was extracted from each of the articles: first

author, year of publication, study design, number of cases and

controls, mean age, sample, clinical symptoms, treatment, and

urinary NGF (or NGF/Cr) levels. In cases of conflicting

evaluations, an agreement was reached following a discussion

with a third reviewer (Ping Wang).

4 Quality assessment of the included studies
Two reviewers (Hong-Chen Qu and Wei Zhang) independently

assessed the quality of the publications according to a modified

STROBE quality score system [12,13]. In total, 22 assessment

items related to the quality appraisal were used in this meta-

Figure 1. The flow chart of study selection. In this meta-analysis, 9 studies were selected for qualitative analysis. Among these 9 studies, 259 IC/
PBS patients were included in our meta-analysis.
doi:10.1371/journal.pone.0106321.g001
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analysis, and the scores ranged from 0 to 44. Scores of 0–17.5,

17.5–35, and 35–44 were defined as poor, fair, and good,

respectively. Disagreements were resolved by discussion.

5 Statistical analysis
To ensure the reliability and the accuracy of the results, 2

independent authors not involved in data collection (Shi Yan and

Yi-Li Liu) independently populated the data in the statistical

software programs to confirm the results. The standard mean

difference (SMD) and 95%CI were calculated using Review

Manager Version 5.1.6 software (provided by the Cochrane

Collaboration). Between-study heterogeneities were estimated

using Cochran’s Q-statistic [14,15] (P#0.05 was considered a

manifestation of significant heterogeneity). We also quantified the

effect of heterogeneity using the I2 test, which ranged from 0 to

100% and represented the proportion of inter-study variability

that could be contributed to heterogeneity rather than chance.

The data were pooled using both fixed-effects and random-effects

models. When a significant Q-test (P#0.05) or I2 test .50%

indicated the presence of heterogeneity among the studies, the

random effects model was utilized because the random effects

model provides a more conservative estimate of the inter-study

variance. Otherwise, the fixed-effects model was used. Funnel plots

were used to identify potential publication bias. In the funnel plot,

an asymmetrical plot suggests a possible publication bias. Egger’s

linear regression test, which measures funnel plot asymmetry

according to the natural logarithm scale of the OR, was used to

evaluate the publication bias [16]. When the P value was ,0.05,

publication bias was considered significant. All P values were two-

sided. Sensitivity analysis was carried out according to the quality

of the included studies.

Results

1 Characteristics of the included studies
A total of 9 studies [17–25] met the inclusion criteria and were

included in the meta-analysis. The flow chart of study selection is

shown in Figure 1. The 9 studies included 259 patients with IC/

PBS, 208 controls, and 67 patients with OAB. Overall, 102

patients received successful treatments. The publication years of

the involved studies ranged from 2009 to 2014. All patients

fulfilled the diagnostic criteria of clinical IC/PBS (suprapubic pain

with a full bladder that was relieved after voiding associated with

severe frequency and nocturia). The control patients were healthy

individuals. The quality scores of the included studies were all

more than 17.5 (fair or good). The characteristics and method-

ological quality of the included studies are summarized in Table 1.

Table 1. The characteristics and methodological quality of the included studies.

Author Year Number Method Quality score

Hsin-Tzu Liu 2009 IC/PBS (n = 58) NGF 22

Control (n = 28) NGF/Cr

Pre-treatment (n = 43)

Post-treatment (n = 43)

Hsin-Tzu Liu 2010 IC/PBS (n = 40) NGF/Cr 23

OAB (n = 23)

Control (n = 27)

Rui Pinto 2010 Pre-treatment (n = 26) NGF 22

Post-treatment (n = 26)

Hann-Chorng Kuo 2010 IC/PBS (n = 30) NGF 26

OAB (n = 22) NGF/Cr

Control (n = 27)

Shiu-Dong Chung 2011 IC/PBS (n = 48) NGF 23

OAB (n = 22) NGF/Cr

Control (n = 33)

Hsin-Tzu Liu 2012 IC/PBS (n = 30) NGF 25

Control (n = 28) NGF/Cr

Pradeep Tyagi 2012 IC/PBS (n = 10) NGF 28

Control (n = 10)

Anthony T. Corcoran 2013 IC/PBS (n = 10) NGF 24

Control (n = 10)

Yuan-Hong Jiang 2014 IC/PBS (n = 33) NGF 28

Control (n = 45) NGF/Cr

Pre-treatment (n = 33)

Post-treatment (n = 33)

IC/PBS: interstitial cystitis/painful bladder syndrome.
NGF: urinary nerve growth factor level.
NGF/Cr: urinary NGF level normalized to the urine Cr level.
OAB: overactive bladder.
doi:10.1371/journal.pone.0106321.t001
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2 Difference in urinary NGF and NGF/Cr (urinary NGF
level normalized to the urine Cr level) levels in IC/PBS
patients and healthy controls

A summary of the meta-analysis findings regarding the

difference in urinary NGF and NGF/Cr levels between IC/PBS

patients and healthy controls is provided in Figure 2. Compared to

controls, IC/PBS patients presented higher urinary NGF and

NGF/Cr levels (SMD = 1.94, 95%CI = 0.79–3.08, P = 0.0009 and

SMD = 1.79, 95%CI = 0.65–2.93, P = 0.002).

3 Difference in the urinary NGF and NGF/Cr levels of IC/
PBS patients and patients with OAB symptom

There was a significant difference between IC/PBS patients and

patients with OAB symptoms with respect to the urinary NGF and

NGF/Cr levels (Figure 3). The meta-analysis revealed that IC/

PBS patients presented lower urinary NGF and NGF/Cr levels

relative to patients with OAB symptoms (SMD = 20.62,

95%CI = 21.00–20.24, P = 0.001 and SMD = 20.70,

95%CI = 21.01–20.39, P,0.0001, respectively).

4 Difference in the urinary NGF levels of IC/PBS patients
before and after successful treatment

The urinary NGF levels of IC/PBS patients before and after

successful treatment are shown in Figure 4. The meta-analysis

revealed that the urinary NGF level was significantly reduced after

successful treatment. The average decrease was 1.74 (SMD = 1.74,

95%CI = 0.32–3.17, P = 0.02).

5 Sensitivity analysis
A sensitivity analysis was carried out by the quality of the

included studies. We excluded relatively low-quality studies

(score,25) and chose 4 high-quality studies (score$25) to carry

out the sensitivity analysis. Figure 5 shows that IC/PBS patients

continued to present higher urinary NGF and NGF/Cr levels than

those of controls (SMD = 3.00, 95%CI = 0.66–5.33, P = 0.01 and

SMD = 1.86, 95%CI = 0.15–3.57, P = 0.03, respectively). The

sensitivity analysis result was consistent with the previous result

and statistically suggests that urinary NGF or NGF/Cr could be a

credible and useful biomarker for the diagnosis of IC/PBS.

6 Publication bias
The publication bias of the literature was assessed using a

Begger’s funnel plot and Egger’s linear regression test. All of the

graphical funnel plots of the included studies were symmetrical

(Figures 6). Egger’s test also indicated that there were no

publication biases.

Discussion

IC/PBS remains a debilitating bladder dysfunction of unknown

etiology. A diagnosis of IC/PBS is made based on the

Figure 2. The association between the urinary NGF or NGF/Cr level and IC/PBS. A: NGF level. Interstitial cystitis/painful bladder syndrome
(IC/PBS) patients presented a higher urinary NGF level compared to that of controls (SMD = 1.94, 95%CI = 0.79–3.08, P = 0.0009); B: NGF/Cr level. IC/
PBS patients presented a higher urinary NGF/Cr level compared to that of controls (SMD = 1.79, 95%CI = 0.65–2.93, P = 0.002).
doi:10.1371/journal.pone.0106321.g002
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characteristic symptoms of bladder pain and irritative voiding

symptoms, including urgency [1]. Although the etiology of IC/

PBS is not fully understood, chronic inflammation (whether

triggered by a urinary tract infection or otherwise) is thought to be

a potential mechanism of pathogenesis [26–28]. Ogawa et al

found that chemokines, which play a pivotal role in the immune

response and lead to inflammation, were over-expressed in the

bladder urothelium of patients with interstitial cystitis [28].

Bladder inflammation in patients with IC/PBS leads to abnor-

malities or activation of the afferent sensory system in the urinary

bladder or CNS sensitization, which can cause chronic pain

symptoms, urgency and frequency in IC/PBS patients [7,11,29].

DuPont [11] evaluated chemical (2.5% formalin), immune

(lipopolysaccharide 26104 cfu/ml) and mechanical (chromic

catgut) inflammation at various times compared to control

bladders. The study found that inflammation induces neuroplas-

ticity of the sensory and motor neurons innervating the bladder,

leading to long-term symptoms and pain. In addition, Amaya

revealed that TRPV1 contributes to the development of inflam-

matory thermal hyperalgesia in IC/PBS patients [30]. Following a

prior report that inflammation increases NGF expression, NGF

has attracted considerable attention as a key player in the link

between inflammation and IC/PBS.

NGF is a signaling protein expressed widely in various cells,

including urothelial cells, smooth muscle cells and mast cells; it has

been shown to stimulate mast cells to degranulate and proliferate

[7]. NGF affects bladder afferent fibers and is responsible for the

growth and maintenance of sensory neurons [31] and the function

of adult visceral sensory and motor neurons [32]. Previous studies

have reported an increased expression of NGF in bladder biopsies

from women with IC/PBS [33,34]. Lowe discovered that the

levels of NGF were higher in samples obtained from patients with

painful bladder conditions than from controls [33]. In addition,

Liu [34] found that the NGF mRNA level was significantly higher

in IC/PBS patients than in controls (0.65 +/2 0.33 versus 0.42

+/2 0.25, respectively, P = 0.046). Consequently, NGF has

attracted considerable attention as a key player in the pathogenesis

of IC/PBS. A basic science study reported that inflammation

induces neuroplasticity, which leads to increased NGF levels in the

bladder and generates IC/PBS [11]. In rats, intravesical bladder

instillation with NGF induced bladder hyperactivity [35]. Both

clinical and experimental data indicate that increased levels of

NGF are found in the bladder tissue and urine of patients with IC/

PBS [36].

We included 9 independent studies in the present meta-analysis

to examine the association of urinary NGF levels in IC/PBS

patients. Overall, our analysis indicated that patients with IC/PBS

had higher urinary NGF and NGF/Cr levels than healthy controls

(SMD = 1.94, 95%CI = 0.79–3.08, P = 0.0009 and SMD = 1.79,

95%CI = 0.65–2.93, P = 0.002, respectively). This result suggests

that urinary NGF could be a potential biomarker for the diagnosis

of IC/PBS. Furthermore, we identified that IC/PBS patients had

significantly lower urinary NGF and NGF/Cr levels relative to

those of OAB patients (SMD = 20.62, 95%CI = 21.00–20.24,

P = 0.001 and SMD = 20.70, 95%CI = 21.01–20.39, P,0.0001,

respectively). The symptoms of IC/PBS overlap with those of

OAB, except that bladder pain typically presents in IC/PBS and

urgency or urge incontinence presents in patients with OAB. As a

result, IC/PBS can be diagnosed and treated as OAB. To

overcome this problem, a biomarker is needed to differentiate

between the two diseases. Rachaneni et al [37] discussed whether

urinary NGF could serve as a biomarker of detrusor overactivity

(DO) in patients with OAB. DO, which is defined as detrusor

contractions during urodynamics, is responsible for symptoms in

Figure 3. Differences in the urinary NGF and NGF/Cr levels between patients with IC/PBS and patients with OAB. A: NGF level. IC/PBS
patients presented a lower urinary NGF level compared to that of overactive bladder (OAB) patients (SMD = 20.62, 95%CI =
21.00–20.24, P = 0.001); B: NGF/Cr level. IC/PBS patients presented a lower urinary NGF/Cr level compared to that of OAB patients (SMD =
20.70, 95%CI = 21.01–20.39, P,0.0001).
doi:10.1371/journal.pone.0106321.g003
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most OAB patients. The results of Rachaneni’s systematic review

[37] suggest an increasing trend of NGF in DO patients compared

to controls. Our meta-analysis also indicated that urinary NGF

could be used to make a differential diagnosis of IC/PBS and

OAB. However, we were unable to calculate an accurate cut-off

due to limited data. Therefore, well-designed randomized,

controlled trials are still needed to identify the critical urinary

NGF and NGF/Cr levels that can be used to precisely differentiate

between IC/PBS and OAB. In addition, we found that urinary

NGF levels decreased in response to effective treatment

(SMD = 1.74, 95%CI = 0.32–3.17, P = 0.02). This result indicates

that urinary NGF levels could be used to assess the therapeutic

effects of OAB treatment. However, our meta-analysis has some

limitations. First, the treatment schemes varied among the

included studies (repeated hydrodistension, oral pentosan poly-

sulfate, intravesical hyaluronic acid instillation, or intravesical

botulinum toxin A injection). Furthermore, there were variations

in the length of the follow-up period (ranging from 4 to 12 weeks

after therapy). Both of these differences could have influenced our

results. Therefore, results from a standard follow-up scheme need

to be further investigated to confirm our findings.

Similar to other meta-analyses, this study has many limitations.

First, the number of relevant research articles was small, and some

studies included in this analysis evaluated a small number of

patients. In addition, some of the relevant studies could not be

included in our analysis because of incomplete raw data. Third, we

were unable to address the sources of heterogeneity among all of

the studies. Fourth, although the cases and controls of each study

were well defined using similar inclusion criteria, certain potential

factors were not considered, which might have influenced our

Figure 4. Differences in the urinary NGF levels of patients with IC/PBS before and after successful treatment. After successful
treatment, IC/PBS patients presented a lower urinary NGF level (SMD = 1.74, 95%CI = 0.32–3.17, P = 0.02).
doi:10.1371/journal.pone.0106321.g004

Figure 5. Sensitivity analysis. We excluded relatively low-quality studies (score,25) from the sensitivity analysis. A: NGF level. IC/PBS patients
presented a higher urinary NGF level compared to that of controls (SMD = 3.00, 95%CI = 0.66–5.33, P = 0.01); B: NGF/Cr level. IC/PBS patients
presented a higher urinary NGF/Cr level compared to that of controls (SMD = 1.86, 95%CI = 0.15–3.57, P = 0.03).
doi:10.1371/journal.pone.0106321.g005
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results (for example, age, ethnicity, and timing of urine collection).

Fifth, a meta-analysis is a retrospective study that is subject to

certain methodological limitations. Most importantly, our meta-

analysis was based on unadjusted SMD estimates because not all of

the published studies reported adjusted SMDs or SMDs adjusted

using the same potential confounders. Given these results,

additional investigations into these areas are needed, and our

conclusions should be interpreted cautiously.

Figure 6. Graphical funnel plots of the included studies. These symmetrical plots indicate the absence of publication bias in the present meta-
analysis.
doi:10.1371/journal.pone.0106321.g006
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Conclusion

In conclusion, this meta-analysis of 9 studies demonstrates that

the urinary NGF or NGF/Cr level could serve as a useful

biomarker for the diagnosis of IC/PBS, a urinary biomarker for

the differential diagnosis of IC/PBS and OAB and a predictive

biomarker for specific treatments. Because of the limited number

of published studies in this field, the current available evidence

remains limited. Therefore, we emphasize the necessity of

conducting a large, multicenter, well-designed, randomized,

controlled trial with a long-term follow-up to confirm our findings.
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